.Chapter 12 Review )

Key Terms Key ldeas
Bond 12.1 Characteristics of Chemical Bonds
Bond energy m Chemical bonds hold groups of atoms together to form molecules
lonic bonding and ionic solids.
lonic compound m  Bonds are classified as:
Covalent bonding * lonic: Formed when one or more electrons are transferred to form

positive and negative ions
e Covalent: Electrons are shared equally between identical atoms

¢ Polar covalent bond: unequal electron sharing between
different atoms

m  Electronegativity is the relative ability of an atom to attract the
electrons shared with another atom in a bond.

m The difference in electronegativity of the atoms forming a bond deter-
mines the polarity of that bond.

Polar covalent bond
Electronegativity
Dipole moment

12.2 Characteristics of lons and lonic Compounds

m In stable compounds, atoms tend to achieve the electron configuration
of the nearest noble gas atom.

® In ionic compounds:

e Nonmetals tend to gain electrons to reach the electron configu-
ration of the next noble gas atom.

e Metals tend to lose electrons to reach the electron configuration of
the previous noble gas atom.

m lons group together to form compounds which are electrically neutral.

1P X! Lewis structure 12.3 Lewis Structures
Duet rule m In covalent compounds, nonmetals share electrons so that both atoms
Octet rule achieve noble gas configurations.
m pair ] m mct:.r: ;:P\;nr:.em the valence electron arrangements of the
Lone pairs (unshared pairs) : . ) A
TN m  The rules for drawing Lewis structures recognize the importance of
Single noble gas electron configurations.
Double bond e Duet rule for hydrogen '
e g ¢ Octet rule for most other atoms
Resonance ®m Some molecules have more than one valid Lewis structure, called
resonance.
m Some molecules violate the octet rule for the component atoms.
* Examples are BF,;, NO,, and NO.
F¥! Molecular structure 12.4 Structures of Molecules
(geometric structure) ® Molecular structure describes how the atoms in a molecule are
Linear structure arranged in space.
Trigonal planar structure ® Molecular structure can be predicted by using the valence shell
Tetrahedral structure electron pair RWISiOn (VSEPR) model.

Valence shell electron pair
repulsion (VSEPR) model

Trigonal pyramid




Chapter 12 Assessment

All exercises with blue numbers have answers in the : 11.On the basis of the electror
back of this book. : given in Figure 12.4, indicate which is the mor
polar bond in each of the following pairs
. H—O or H—N
b. H—N or H—F
H—O or H—}

d. H—O or H—Cl

12.1 Characteristics of Chemical Bonds
A. Types of Chemical Bonds
1. Define a chemical bond.

2. What types of elements react to form ionic
compounds? Give an example of the formation

of an ionic compound from its elements. 12. On the basis of the electronegativity values
" : : given in Figure 12.4, indicate which bond of the
3. ‘zlrfztr‘::;ert)opfeazfeblz?t(:g;g f:f)crl';"(r)iset::o;?lt‘:)p;er:gther’ : following pairs has a more ionic character.
What type of bonding involves the sharing : a. Na—O or Na—N
(either equally or unequally) of electrons between : b. K—S or K—P
atoms? :

¢. Na—Cl or K—Cl
4. Describe the type of chemical bonding that exists d. Na—Cl or Mg—Cl

between the atoms in the hydrogen molecule, H,.

5. Describe the type of chemical bonding that exists : C. Bond Polarity and Dipole Moments
between the atoms in the hydrogen fluoride : 13. What is a dipole moment? Give four examples of
molecule, HE. :  molecules that possess dipole moments, and
:  draw the direction of the dipole as shown in
B. Electronegativity S50 TRE caonn
6. What do chemists mean by the term electronega-

: 14. Why is the presence of a dipole moment in the
5 : i :
JiE L Khat does Its electronegativity tell us : water molecule so important? What are some
about the atom? :

: properties of water that are determined by its
7. What does it mean to say that a bond is polar? polarity?

What are the conditions that give rise to a

d. S—Cl

s bei : 15. In each of the following diatomic molecules,
Paod's gipajac? : which end of the molecule is positive relative to
8. For each of the following sets of elements, *  the other end?
identify the element expected to be most : :
electronegative and that expected to be : S iiydrogen Suoside; Ik
least electronegative. : b. chlorine monofluoride, CIF
a. K, Sc, Ca b. Br, E At c¢. GCON ¢. iodine monochloride, ICl
9. On the basis of the electronegativity values given 16. For each of the following bonds, draw a figure
in Figure 12.4, indicate whether each of the : indicating the direction of the bond dipole,
following bonds would be expected to be ionic, : including which end of the bond is positive
"~ covalent, or polar covalent. and which is negative.
a. S—S a. P—F
b. S—O b. P—O
¢. S—H ¢. P—C
d. S—K d. P—H
10. Which of the following molecules contain polar 17. For each of the following bonds, draw a figure
~ covalent bonds? :  indicating the direction of the bond dipole,
:  including which end of the bond is positive
Rqrphons, B ) :  and which is negative.
b. oxygen, O, : BRSTE
¢. ozone, O, b.
d. hydrogen fluoride, HF s




SECTION 12.1

Characteristics of Chemical Bonds

Key Terms

* Bond

* Bond energy

* lonic bonding

* Jonic compound

* Covalent bonding
* Polar covalent bond
* Electronegativity

* Dipole moment

2

A water molecule

.

I'he force that holds two
or more atoms together

and makes them function |

as 2 unit

Bond energy

I'be energy required to
break a given chemical
bond

Objectives

* To learn about ionic and covalent bonds and explain how they are formed

* To learn about the polar covalent bond

» To understand the nature of bonds and their relationship to electronegativity
e To understand bond polarity and how it is related to molecular polarity

Molecular bonding and structure play the central role in determining the
course of chemical reactions, many of which are vital to our survival. Most
reactions in biological systems are very sensitive to the structures of the
participating molecules; in fact, very subtle differences in shape sometimes
serve to channel the chemical reaction one way rather than another.
Molecules that act as drugs must have exactly the right structure to perform
their functions correctly. Structure also plays a central role in our senses of
smell and taste. Substances have a particular odor because they fit into the
specially shaped receptors in our nasal passages, and taste is also dependent
on molecular shape.

To understand the behavior of natural materials, we must understand the
nature of chemical bonding and the factors that control the structures of
compounds. In this chapter, we will present various classes of compounds that
illustrate the different types of bonds, We will then develop models to describe
the structure and bonding that characterize the materials found in nature,

A. Types of Chemical Bonds

What is a chemical bond? Although there are several ways to answer
this question, we will define a bond as a force that holds groups of two or
more atoms together and makes them function as a unit. For example, in
water the fundamental unit is the H—O—H molecule, which we describe as
being held together by the two O—H bonds. We can obtain information
about the strength of a bond by measuring the energy required to break the
bond, the bond energy.

Atoms can interact with one another in several ways to form aggregates. We
will consider specific examples to illustrate the various types of chemical bonds.

Ionic Bonding In Chapter 8 we saw that when solid sodium chloride is
dissolved in water, the resulting solution conducts electricity, a fact that
convinces chemists that sodium chloride is composed of Na* and CI~ ions.
Thus, when sodium and chlorine react to form sodium chloride, electrons
are transferred from the sodium atoms to the chlorine atoms to form Na*
and C]~ ions, which then aggregate to form solid sodium chloride. The
resulting solid sodium chloride is a very sturdy material; it has a melting
point of approximately 800 °C. See Figure 12.1.

(a)

Figure 12.1

(a) Sodium chloride contains
ions closely packed together
in the solid. (b). When
dissolved in water, these
ions become free to move
around
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The strong bonding forces present in sodium chloride result from the
attractions among the closely packed, oppositely charged ions. This is an
example of lonic bonding. lonic substances are formed when an atom that lonic

Joses electrons relatively easily reacts with an atom that has a high affinity I'he attraction between
for electrons. In other words, an lonic compound results when a metal | PPNy Chn Son
reacts with a nonmetal. lonic compound

" - " ot A compound that results
o when a metal reacts with

“ X 3 a2 nonmetal to form
. cations and anions

We have seen that a bonding force develops when two very different
types of atoms react to form oppositely charged ions. But how does a
bonding force develop between two identical atoms? Let’s explore this situa-
tion by considering what happens when two hydrogen atoms are brought
close together, as shown in Figure 12.2. When hydrogen atoms are close
together, the two electrons are simultaneously attracted to both nuclei.
Note in Figure 12.2b how the electron probability increases between the
two nuclei, indicating that the electrons are shared by the two nuclei.

> e
QN E P
Hydrogen atoms # 7
sufficiently far apan
to have no interaction
H atom H atom H, molecule
(a) (b)

Figure 12.2

The formation of a bond between two hydrogen atoms. (a) Two separate
hydrogen atoms. (b) When two hydrogen atoms come close together, the
two electrons are attracted simultaneously by both nuclei. This produces
the bond. Note the relatively large electron probability between the nuclei,
indicating sharing of the electrons.

Covalent bonding The type of bonding we encounter in the hydrogen
molecule and in many other molecules where electrons are shared by nuclei is

ealbﬂ covalent bonding. Note that in the H, molecule, the electrons reside ' Covalent bonding
yrimarily in the space between the two nuclei where they are attracted A type of bonding in

simultz ly by both protons. Although we will not go into detail about . :;:é:::) f"som‘ pn
it here, the increased attractive forces in this area lead to the formation of '

the H, molecule from the two separated hydrogen atoms. When we say

that a bond is formed between the hydrogen atoms, we mean that the H,

molecule is more stable than two separated hydrogen atoms by a certain

uantity of energy (the bond energy).

) far we have considered two extreme types of bonding. In ionic

ng, the participating atoms are so different that one or more electrons

ﬂ transferred to form oppositely charged ions. The bonding results from

the attractions between these ions. In covalent bonding, two identical
% share electrons equally. The bonding results from the mutual attrac-

tion of the two nuclei for the shared electrons. Between these extremes are
intermediate cases in which the atoms are not so different that electrons
are completely transferred but are different enough so that unequal sharing

12.1 » Characteristics of Chemical Bonds = 401




Polar covalent bond
A covalent bond in which
the electrons are not
shared equally because
one atom attracts the
shared electrons more
than the other atom

Electronegativity
The tendency of an atom
in a molecule to attract
shared electrons to itself

of electrons results, forming what is called a polar covalent bond. The
hydrogen fluoride (HF) molecule contains this type of bond, which produces
the charge distribution

H—F

§*
where & (delta) is used to indicate a partial or fractional charge.

The most logical explanation for the development of bond polarity (the
partial positive and negative charges on the atoms in such molecules as HF)
is that the electrons in the bonds are not shared equally. For example, we
can account for the polarity of the HF molecule by assuming that the fluo-
rine atom has a stronger attraction than the hydrogen atom for the shared
electrons (see Figure 12.3). Because bond polarity has important chemical
implications, we find it useful to assign a number that indicates an atom'’s
ability to attract shared electrons.

Figure 12.3
Probability representations of the electron

H F H sharing in HF. (a) What the probability
map would look like if the two electrons
in the H—F bond were shared equally.

&* & (b) The actual situation, where the
@) (b) shared pair spends more time close to

the fluorine atom than to the hydrogen
atom. This gives fluorine a slight excess

of negative charge and the hydrogen a

slight deficit of negative charge (a slight
positive charge).

4 Active Reading Question

Provide an example of an ionic bond, an example of a polar covalent
bond, and an example of a covalent bond.

B. Electronegativity

We have seen that when a metal and a nonmetal react, one or more
electrons are transferred from the metal to the nonmetal to give ionic
bonding. On the other hand, two identical atoms react to form a covalent
bond in which electrons are shared equally. When different nonmetals react,
a bond forms in which electrons are shared unequally, giving a polar cova-
lent bond. The unequal sharing of electrons between two atoms is described
by a property called electronegativity: the relative ability of an atom in a
molecule to attract shared electrons to itself.

Chemists determine electronegativity values for the elements (see
Figure 12.4) by measuring the polarities of the bonds between various atoms.

Electronegativity generally
* increases going from left to right across a period
» decreases going down a group for the representative elements.

The range of electronegativity values goes from 4.0 for fluorine to 0.7 for
cesium and francium. Remember, the higher the atom’s electronegativity
value, the closer the shared electrons tend to be to that atom when it
forms a bond.
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Electronegativity values for selected elements. Note that
metals have relatively low electronegativity values and
that nonmetals have relatively high values.

olarity of a bond depends on the difference between the
onegativity values of the atoms forming the bond.

If the atoms have very similar electronegativities, the electrons are shared
almost equally and the bond shows little polarity. If the atoms have very
different electronegativity values, a very polar bond is formed. In extreme
cases one or more electrons are actually transferred, forming ions and an
ionic bond. For example, when an element from Group 1 (electronegativity
values of about 0.8) reacts with an element from Group 7 (electronegativity
values of about 3), ions are formed and an ionic substance results. In general,
if the difference between the electronegativities of two elements is about 2.0
or greater, the bond is considered to be ionic.

The relationship between electronegativity and bond type is shown in
Table 12.1. The various types of bonds are summarized in Figure 12.5.

(@) (b)

Figure 12.5

The three possible types of bonds are (a) a covalent bond formed
between identical atoms; (b) a polar covalent bond, with both ionic and
covalent components; and (c) an ionic bond, with no electron sharing.

¥ Active Reading Question

In general, how do electronegativity trends compare to trends of
atomic size?

THINKING i;

We use differences in
electronegativity to
account for certain
properties of bonds.

What if all atoms had the
same electronegativity
values? How would
bonding between atoms
be affected? What are
some differences we
would notice?

0
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The Relationship Between Electronegativity and Bond Type

Electronegativity Difference Covalent lonic

Between the Bonding Atoms Bond Type Character  Character
Zero Covalent
l ! § 8
Intermediate Polar covalent &
2 8
! d
Large lonic

EXAMPL 2.1

Using Electronegativity to Determine Bond Polarity

Using the electronegativity values given in Figure 12.4, arrange the
following bonds in order of increasing polarity: H—H, O—H, Cl—H, S—H,
and F—H.

Solution

The polarity of the bond increases as the difference in electronegativity
increases. From the electronegativity values in Figure 12.4, the following
variation in bond polarity is expected (the electronegativity value appears
in parentheses below each element).

Bond Electr?l:ﬁ'geatlvlw Electrgrl\f:g’:t?:l‘t!y'?lalues Bond Type ety
H—H (2.1) (2.1) 21 -21=0 Covalent

S—H (2.5) (2.1) 25 - 2.1 =04 Polar covalent
Cl—H (3.0) (2.1) 3.0~-21=09 Polar covalent

O—H (3.5) (2.1) 35§-21=14 Polar covalent

F—H (4.0) (2.1) 40~-21=19 Polar covalent

Therefore, in order of increasing polarity, we have
H—H S—H Cl—H O—H F—H

R T

. Practice Problem * Exercise 12.1

For each of the following pairs of bonds, choose the bond that is
more polar.

a. H—P, H—C c¢. N-O, -0
sesssss—— D OO0 d NS




12

nd Polarity and Dipole Moments

e have seen that hydrogen fluoride has a positive end and a negative
end. A molecule such as HF that has a center of positive charge and a

center of negative charge is said to have a dipole moment. The dipolar Dipole moment

character of a molecule is often represented by an arrow. This arrow points A property of ; ‘

toward the negative charge center, and its tail indicates the positive center S S UL Gl
distnbution can

Of Charge- represe nted by a center
Of positive ( harge and a

w’ center of negative chargs
ot 3

Any diatomic (two-atom) molecule that has a polar bond has a dipole
moment. Some polyatomic (more than two atoms) molecules also have
dipole moments. For example, because the oxygen atom in the water mole-
cule has a greater electronegativity than the hydrogen atoms, the electrons
are not shared equally. This results in a charge distribution that causes the
molecule to behave as though it had two centers of charge—one positive
and one negative. So the water molecule has a dipole moment.

Center of
positive .

charge O Y
J Center of g
5t negative H, H
charge § 08 Q 5o ¥
The fact that the water molecule is polar (has a dipole moment) has a : :
profound effect on its properties. In fact, it is not overly dramatic to state 3
that the polarity of the water molecule is crucial to life as we know it on H s H
earth. Because water molecules are polar, they can surround and attract
both positive and negative ions (see Figure 12.6). These attractions allow @
ionic materials to dissolve in water. Also, the polarity of water molecules
causes them to attract each other strongly.

B\ H S

6’0

H/Q | H s H
0
: HZ . L0
He) N R M M
H—@. : 50§ 808
l H\ ) ) \ /
H lll (I H—¢ H H'
H
- , H & H
f:_ ‘g.
This means that much energy is required to change water from a liquid to
a gas (the molecules must be separated from each other to undergo this )
change of state). Therefore, it is the polarity of the water molecule that Figure 12.6

causes water to remain a liquid at the temperatures on the earth’s surface.

a) Polar water molecules
If it were nonpolar, water would be a gas and the oceans would be empty. s

are strongly attracted to
positive ions by their
negative ends. (b) They
are also strongly attracted
Lo negative ions by their
positive ends.
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